Imaging acute cardiac cell death: temporal and spatial distribution of 99mTc-labeled C2A in the area at risk after myocardial ischemia and reperfusion.
The exposure of anionic phospholipids is a near-universal molecular signature for cell death. Based on our prior finding that the (99m)Tc-labeled C2A domain of synaptotagmin I accumulates intensely in the area at risk, this study quantitatively characterized the temporal and spatial distribution of the radiotracer in a rat model of myocardial ischemia and reperfusion. Myocardial ischemia and reperfusion were induced by occlusion of the left anterior descending coronary artery in rats. The temporal uptake of the labeled fusion protein of C2A and glutathione-s-transferase (C2A-GST) in the area at risk was investigated by intravenously injecting the radiotracer at 0, 1, 3, 6, and 24 h after reperfusion, and the radioactivity uptake was quantified by gamma-counting of infarcted and ischemic noninfarcted cardiac tissues. Alternatively, the radiotracer was injected at 2 h after reperfusion, and the uptake was measured at 1, 3, 6, and 24 h after injection. In vivo planar imaging was performed on a gamma-camera using a parallel-hole collimator. The distribution of radioactivity was qualitatively examined by autoradiography. The relationship between the uptake of the radiotracer in the area at risk and the ischemic duration was examined by gamma-counting. Temporally, the radioactivity uptake in the area at risk maximized when the radiotracer was injected before 3 h after reperfusion. Injections at 6 and 24 h after reperfusion resulted in a 30% and 50% reduction in uptake, respectively. However, when the injection was done early (2 h after reperfusion), the tracer was retained in the area at risk with little washout for at least 24 h. Spatially prominent hot-spot uptake was seen in all cases of planar imaging. In autoradiography, the distribution of radioactivity predominantly coregistered with the infarcted regions. This distribution profile was confirmed by direct gamma-counting. In addition, the absolute radiotracer uptake in the infarcted and ischemic noninfarcted tissues, in terms of percentage injected dose per gram, was independent of the ischemic duration. (99m)Tc-C2A-GST has an uptake profile in the area at risk that is appropriate for imaging cardiac cell death in the acute phase.